Among U.S. men, prostate cancer (PC) accounts for 29% of all newly diagnosed cancers. A reliable scintigraphic agent to image PC and its metastatic or recurrent lesions and to determine the effectiveness of its treatment will contribute to the management of this disease. All PC overexpresses VPAC1 receptors. This investigation evaluated a probe specific for a 64 Cu-labeled receptor for PET imaging of experimental human PC in athymic nude mice and spontaneously grown PC in transgenic mice. Methods: The probe, TP3939, was synthesized, purified, and labeled with 64 Cu and 99m Tc. Using a muscle relaxivity assay, biologic activity was assessed and inhibitory concentrations of 50% calculated. Receptor affinity (Kd) for human PC3 cells was determined using 99m Tc-TP3939 and 64 CuCl 2. Blood clearance and in vivo stability were studied. After intravenous administration of either 64 Cu-TP3939 or 64 CuCl 2 in PC3 xenografts and in transgenic mice, PET/CT images were acquired. Prostate histology served as the gold standard. Organ distribution studies (percentage injected dose per gram [%ID/g]) in normal prostate were performed. The ratios of tumor to muscle, tumor to blood, normal prostate to muscle, and tumor to normal prostate were determined. Results: Chemical and radiochemical purities of TP3939 were 96.8% and 98% 6 2%, respectively. Inhibitory concentrations of 50% and affinity constants were 4.4 · 10 -8 M and 0.77 · 10 -9 M, respectively, for TP3939 and 9.1 · 10 -8 M and 15 · 10 -9 M, respectively, for vasoactive intestinal peptide 28. Binding of 64 CuCl 2 to PC3 was nonspecific. Blood clearance was rapid. In vivo transchelation of 64 Cu-TP3939 to plasma proteins was less than 15%. 64 Cu-TP3939 uptake in PC was 7.48 6 3.63 %ID/g at 4 h and 5.78 6 0.66 %ID/g at 24 h after injection and was significantly (P , 0.05) greater than with 64 CuCl 2 (4.79 6 0.34 %ID/g and 4.03 6 0.83 %ID/g at 4 and 24 h, respectively). The ratios of PC to normal prostate at 4 and 24 h were 4 and 2.7, respectively. 64 Cu-TP3939 distinctly imaged histologic grade IV prostate intraepithelial neoplasia in transgenic mice, but 18 F-FDG and CT did not. Conclusion: Data indicate that TP3939, with its uncompromised biologic activity, delineated xenografts and cases of occult PC that were not detectable with 18 F-FDG. 64 Cu-TP3939 is a promising probe for PET imaging of PC. It may also be useful for localizing recurrent lesions and for determining the effectiveness of its treatment.
for 54% of all newly diagnosed cancers in U.S. men. The most common and lethal among them is prostate cancer (PC), accounting for about 29%. The 2007 cancer data estimated 218,890 new cases and 27,050 deaths due to PC (1) . The incidence of PC increases with age and is linked with genetic, hormonal, and environmental factors (2) .
The primary screening methods for PC are prostate-specific antigen measurement and digital rectal examination (3) . However, the reported sensitivity for digital rectal examination is only 55%-68% (4). For prostate-specific antigen, the specificity is limited because men with benign disease such as prostatic hypertrophy and prostatitis present with elevated levels of the antigen. Its positive predictive value in asymptomatic men has been reported to be only 28%-35% (4, 5) . This predictive value is marginally increased to 49% if prostate-specific antigen estimation is combined with the results of digital rectal examination (6) . For more specific information in patients with abnormal digital rectal examination or prostate-specific antigen findings, transrectal ultrasound is performed. However, this too misses up to 40% of isoechoic lesions (7) (8) (9) . X-ray CT lacks sufficient soft-tissue contrast to detect PC lesions (7) . MRI suffers from limited application in detecting primary PC, although it provides high-resolution images to delineate prostate anatomy (7, 8, 10) .
In recent years, PET has emerged as a sensitive modality for imaging oncologic lesions. For PET imaging of PC, such metabolic and biochemical agents as 18 F-FDG, 11 C-acetate, 18 F-acetate, 11 C-methionine, 11 C-choline, 18 F-choline, and 16b- 18 F-5a-dihydrotestosterone have been investigated (11, 12) . However, all have met with serious limitations. For example, uptake of 18 F-FDG, which is dependent on Glut-1 binding sites and the metabolic rate of tumor cells (13) , is inhibited because PC has few Glut-1 binding sites and a slow metabolic rate. In addition, the adjacent bladder activity inhibits visualization of malignant lesions in the prostate gland. The 20-min half-life of 11 C limits application of all 11 C probes to locations where 11 C is produced in-house. 18 F-Flourine-labeled acetate, choline, and 16b-18 F-5a-dihydrotestosterone have had limited success (11, 14) . Capromab pendetide (ProstaScint; Cytogen Corp.), a prostatespecific monoclonal antibody, has high blood-pool activity and nonspecific binding, which reduces its PC detection efficacy (11) .
Recently, ionic 64 CuCl 2 has been shown to be taken up by PC (15) . The uptake was postulated to be facilitated by human copper transport 1 gene. Our data presented here indicate this uptake is nonspecific and dependent on cell line. These limitations have compelled investigators to search for better molecular probes to detect PC, to image its metastases, and to determine the effectiveness of its therapeutic interventions.
Vasoactive intestinal peptide (VIP) and pituitary adenylate cyclase-activating peptide receptors VPAC1, VPAC2, and PAC1 are overexpressed in 100% of human PC (16) (17) (18) (19) (20) (21) (22) . The 2 peptides, VIP and pituitary adenylate cyclase-activating peptide, have high affinity for these receptors (23, 24) and are excellent probes for targeting VPAC1 receptors. VIP, a 28-amino-acid hydrophobic peptide isolated from porcine intestine (25) , has 3 lysine residues (at positions 15, 20, and 21), 2 tyrosine residues (at 10 and 22), 2 arginine residues (at 12 and 14), an essential histidine residue at its N terminus, and an (Asn) amidated C terminus. With the hypothesis that VIP 28 (26) . 64 Cu, with a half-life of 12.7 h (b 1 5 655 keV [17. 4%] ; b 2 5 573 keV [30%]), is commercially available, has an abundantly known chemistry, provides quantitative yields, and permits the use of its labeled compounds without further purification.
The purpose of this investigation was to evaluate 64 Culabeled TP3939, ascertain its biologic activity and receptor specificity, determine blood clearance, and perform tissue distribution and PET imaging of human PC xenografts in athymic nude mice and spontaneous PC in TRAMP (transgenic adenocarcinoma of mouse prostate) mice. 18 FDG and 64 CuCl 2 served as controls.
MATERIALS AND METHODS

Synthesis of TP3939
TP3939 was synthesized by the American Peptide Co. TP3939 was synthesized to harbor a carboxy terminus lysine residue separated from VIP-asparagine by a spacer, g-aminobutyric acid.
Diamine dithiol (N 2 S 2 ) was used as the chelating agent. The peptide was synthesized on preloaded polyethylene glycol resin using standard 9-fluorenylmethyloxycarbonyl, 1,3-diisopropyl carbodiimide, and N-hydroxybenzotriazole chemistry. The 9-fluorenylmethyloxycarbonyl deprotection agent piperidine 20% in N,N-dimethyl formamide was also used. The crude peptide was precipitated from cold ether and collected by filtration. Purification was performed using reverse-phase high-performance liquid chromatography (HPLC) and triethylammonium phosphate and acetic acid buffer on a Waters C18 HPLC column. A linear gradient of acetonitrile was used. Pooled fractions were lyophilized. The peptide was then characterized by mass spectroscopic and amino acid analyses.
Radiolabeling
Radiolabeling of TP3939 with 64 Cu. 64 Cu was obtained either from Washington University School of Medicine, IsoTrace, or Nordion Inc. In a 5-mL siliconized glass test tube, we dispensed 20 mg of TP3939 followed by 400 mL of glycine buffer (0.2 mol/L, pH 9), SnCl 2 2 H 2 O (100 mg in 10 mL), HCl (0.05 mol/L), and 64 CuCl 2 (generally 7.4-22.2 mBq or greater) in 1 mL of HCl (0.1 mol/L). The reaction mixture was stirred in a vortex mixer and incubated at 90°C for 45 min (27) .
Radiolabeling of TP3939 with 99m Tc. In the present study, 99m Tc preparations were used for cell-binding assays only when 64 Cu was not available. This procedure was described previously (27) .
Quality Control of Labeled TP3939. The radiochemical purity of 99m Tc and 64 Cu-TP3939 was determined using HPLC (Shimadzu Corp.) coupled to an ultraviolet detector, a NaI (Tl) radioactivity monitor, and a rate meter. A reverse-phase C18 Microbond column (4.6 · 250 mm; Varian, Inc.) served as the stationary phase, and a gradient of 2 solvents, 0.1% trifluoroacetic acid in H 2 O and 0.1% trifluoroacetic acid in acetonitrile, served as the mobile phase. The gradient was such that 10% CH 3 CN in aqueous 0.1% CF 3 CO 2 H to 100% CH 3 CN in 0.1% CF 3 CO 2 H required 32 min at a flow rate of 1 mL/min at 22°C.
Functional Assay
In large quantities, VIP functions as a vasodilator and muscle relaxant. The muscle relaxant property was used to compare the biologic activity of TP3939 with that of native VIP 28 . This assay was based on the binding property of VIP to specific receptors producing a concentration-dependent decrease in the resting tension of the internal anal sphincter (IAS) smooth muscle. The effects of different concentrations of VIP 28 and TP3939 were determined until the fall in the basal tension of IAS was maximized.
Preparation of Smooth Muscle Strips. All animal studies were performed in accordance with the protocol approved by the Institutional Animal Care and Use Committee. Two adult Wistar rats were anesthetized and euthanized. The distal anal canal was dissected and immediately transferred to oxygenated Krebs' physiologic solution composed of (mmol/L): 118.07 NaCl, 4.69 KCl, 2.52 CaCl 2 , 1.16 MgSO 4 , 1.01 NaH 2 PO 4 , 25 NaHCO 3 , and 11.10 glucose. The IAS smooth muscle strips (approximately 2 · 10 mm) were prepared using our earlier protocol (27) .
Measurement of Isometric Tension. The dissected IAS muscle strips were transferred to 37°C, 2-mL muscle baths with Krebs' solution bubbled continuously with a mixture of 95% O 2 and 5% CO 2. One end of the muscle strip was tied firmly to the bottom of the muscle bath, and the other end was attached to an isometric force transducer (model FTO3; Grass Instruments). The isometric tension was measured using the PowerLab/8SP data acquisition system and recorded using Chart 4.1.2 (AD Instruments Ltd.). One gram of tension was applied to the muscle strips, which were then allowed to equilibrate for about 1 h with occasional washings. Only those strips that developed steady tension and relaxed in response to electrical field stimulation during the 1-h period were used. Both optimal length and base line of the muscle strips were determined (28) (29) (30) .
Drug Response. The effect of different concentrations of TP3939 and the native VIP 28 on the resting IAS tension was then examined using cumulative concentration responses. The muscle strips were washed continuously for 45-60 min before testing for the concentration-response curve of each agent. To attain maximal relaxation (100%), the muscle strips were allowed to interact with ethylenediaminetetraacetic acid (10 mmol/L). The percentage of maximum fall in the IAS tone was plotted against log concentration of the respective analogue. The inhibitory concentrations of 50% (IC 50 values), or concentrations at which 50% of the relaxivity occurred, were calculated.
Human PC Cell Line
Androgen receptor-positive PC3 PC cells (American Type Culture Collection) were maintained in F-12K (Kaighn's modification of Harris F-12 medium containing 2 mM L-glutamine and 1,500 mg/L NaHCO 3 ) at 37°C under 5% CO 2 /95% air. When confluent, the cells were detached using 0.25% trypsin-ethylenediamine tetraacetic acid and resuspended in the growth medium. Cell concentration was determined using a hemocytometer.
Receptor Affinity Assays
Using 99m Tc-TP3939. PC3 cells (0.5 · 10 5 cells per well) cultured as described above were seeded into 64 wells. Eight samples of 99m Tc-TP3939 at concentrations of 0.01-540 nM were added to the 4 wells and placed for 1 h in a humidified incubator at 37°C and 5% CO 2 with 95% air. Each experiment was repeated in triplicate. Cold 1% BSA F-12K medium (0.5 mL) was added to terminate the incubation. After 5 min, the cells were washed 3 times using the same buffer, and the supernatant from each wash was collected into marked test tubes. The cells were then solubilized with 1 M NaOH at 37°C and collected in separate test tubes. This process was repeated until all solubilized cells were completely collected. The radioactivity in each fraction was then counted in a g-counter (Packard 5000 series) obtained with additional 2-in (5.08-cm) lead shielding to minimize septal penetration of high energy g-or b-rays. These data permitted us to calculate the ratios of bound to free radioactivity and the number of peptide molecules in moles bound to cells. Data were then plotted according to the method of Scatchard (31), and affinity constants (Kd values) were calculated following the guidelines of the Assay Guidance Manual (32).
Using 64 CuCl 2 . To determine whether 64 CuCl 2 uptake in PC3 cells was specific and receptor-mediated, the experiments were performed using the above procedure except that ionic 64 CuCl 2 was used in no-carrier-added form (as delivered by the vendors) or with added CuCl 2 carrier of known (10 25 -10 218 M) molarity.
Blood Clearance
64 Cu-TP3939 (3.7-4.44 MBq) was administered to each mouse (n 5 3) through a lateral tail vein, and blood samples (approximately 50 mL each) were drawn at 1, 3, 5, 10, 15, 30, 45, 60, 90, 120, 180, and 240 min and at 24 h after administration. A small incision was made in the distal tail to facilitate rapid and reliable blood drawing. Excessive bleeding was prevented by applying gentle pressure for approximately 1 min. Each sample was weighed in an analytical balance (Sartorius, 1602 MP), and the associated radioactivity was counted in the g-counter along with a standard 64 Cu solution prepared at the time of injection. The percentage injected dose per gram (%ID/g) and its mean 6 SD in each sample were determined, and data were plotted as a function of time.
In Vivo Stability
Transchelation of 64 Cu from 64 Cu-TP3939 peptide to mouse plasma proteins was determined using sodium dodecyl sulphate polyacrylamide gel electrophoresis (PAGE) and 18% Tris-glycine gel (Invitrogen Life Technologies). 64 Cu-TP3939 was administered through a lateral tail vein, the mouse was euthanized 2-3 min later, 0.5 mL of blood was collected and centrifuged for 10 min at 2,000 rpm, and serum was isolated. Tris-glycine sodium dodecyl sulphate buffer and deionized water were then added, samples digested at 85°C for 2 min, and 30 mL of the mixture loaded into a well. A protein mixture of various molecular weights was loaded into the first well. 64 Cu-TP3939 and 64 CuCl 2 incubated at 25°C with human serum albumin (5 mg/mL, 20 mL) and treated as above, as well as 64 CuCl 2 alone, were loaded into separate wells. All samples loaded on 2 gels were analyzed at 160 V maintained for 45 min. One gel was stained with Coomassie blue, destained, cut into 0.5-cm sections, marked for appropriate molecular weight, and counted for radioactivity in the g-counter. The other gel was exposed to a phosphor imaging plate for 18 h, then stained with Coomassie blue, destained, cut, and counted for radioactivity. The plate was processed using Fujifilm Fluorescent Image Analyzer, FLA-5000 (Image Gauge, version 4.0). The percentage of 64 Cu associated with each protein band was determined.
Inducing Human Prostate Tumors in Athymic Nude Mice
Approximately 4 · 10 6 viable PC3 cells in 200 mL were aseptically implanted subcutaneously in the right thigh of each male nude mouse (n 55 per group) weighing 20-25 g. A sterile 1-mL syringe coupled to a sterile 27-G needle was used. The tumors were allowed to grow to no more than 0.5 cm in diameter.
TRAMP Mice
Two TRAMP mice were obtained (Jackson Laboratory) at the age of 9 wk and studied serially using either 18 F-FDG or 64 Cu-TP3939, which was administered 24 h after allowing complete decay of 18 F.
Imaging Mice
PET Imaging. Approximately 3.88-4.07 MBq of 64 Cu-TP3939 or 64 CuCl 2 was injected through a lateral tail vein of each mouse. TRAMP mice were imaged once a month from the age of 11 wk until sacrificed 5 mo later. One day before each imaging with 64 Cu-TP3939, TRAMP mice received approximately 14.8-18.5 MBq of 18 F-FDG intravenously and were imaged 1 h later. The athymic nude mice with PC3 xenografts were imaged 4 and 24 h after injection of 5.5-7.4 MBq of 64 Cu-TP3939. The mice were anesthetized using ketamine, xylazine, and acepromazine. The PET images were acquired in full 3-dimensional mode for 15 min using a Philips Mosaic small-animal scanner. Up to 27 million counts were collected. Images were reconstructed using a fully 3-dimensional iterative reconstruction algorithm giving a pixel size of 1 mm. Region-of-interest analysis was performed digitally.
CT Imaging. Noncontrast CT imaging was performed using the MicroCAT II (ImTek Inc.) small-animal CT scanner. X-rays are generated at 80 kVp and 500 mA. The x-ray source and the detector are rotated around the subject to produce a transaxial field of view of 51.2 mm and an axial field of view of 76.8 mm. Images were reconstructed into 0.2 · 0.2 · 0.2 mm voxels using a Feldkamp cone-beam reconstruction algorithm.
PET and CT images was coregistered using an internally developed automated mutual information rigid registration algorithm. Volumes of interest were defined by drawing multislice regions of interest on the tumor (at 50% of maximum voxels) and the contralateral soft tissue. Average ratios of tumor to muscle uptake were calculated.
Tissue Distribution
64 Cu-TP3939, 0.37-0.55 MBq, was administered intravenously through a lateral tail vein in 200 mL of the preparation. Radioactivity in the syringe before and after administration was measured in an energy-calibrated dose calibrator (CRC-15; Capintec), and the exact quantity received by each animal was determined. At 4 and 24 h after injection (n 5 5), the animals were killed by CO 2 inhalation. Tissues, including normal prostate (aided by light microscopy), were dissected, washed free of blood, blotted dry, and weighed, and the associated radioactivity was counted in the g-counter. A 20% energy window was used. Results were calculated as %ID/g of tissue and analyzed statistically using the Student t test. Similar studies were performed on additional groups of 5 mice each using 64 CuCl 2, (0.92-1.11 MBq) in acetate buffer (0.1 M, pH 6.5) as a control.
The 2 TRAMP mice imaged periodically, as described earlier, were sacrificed when 64 Cu-TP3939 PET showed the PC in 1 (TRAMP II) mouse. The lower abdomen was surgically exposed and photographed, and then the organs, including prostate gland and seminal vesicles, were extirpated. These were immediately weighed and placed in 10% formaldehyde in phosphate-buffered saline. All tissues, including prostate glands, were counted for 64 Cu radioactivity. The prostate and seminal vesicles were embedded in paraffin blocks so that 10-mm-thick histologic slices could be obtained, which were then stained with hematoxylin and eosin, examined under a microscope, and photomicrographed.
Receptor-Blocking Study
In another group of athymic nude mice (n 5 5), 40 mg of cold TP3939 were administered through a lateral tail vein. Thirty minutes later, 0.37-0.55 MBq of 64 Cu-TP3939 were administered. PET imaging was performed, and tissue distribution was performed 24 h later.
RESULTS
Synthesis
The amino acid sequence and the schematic diagram of TP3939 are given in Figure 1A . The observed and calcu-FIGURE 2. Muscle relaxivity assays as function of concentration for VIP 28 and its analogue TP3939. IC 50 values are calculated as concentration at which 50% relaxivity occurred. lated molecular weights were 3,939.4 and 3,939 Da, respectively. The purity of the peptide was 96.8%.
Radiochemical Purity
The labeling efficiency of 99m Tc-TP3939 as determined by HPLC was 98% 6 2%. Retention time for 64 Cu-TP3939 was 6.7 min. A typical HPLC elution curve is displayed in Figure 1B .
Functional Response
The IC 50 values for TP3939 and VIP 28 were 4.4 · 10 -8 M and 9.1 · 10 -8 M, respectively ( Fig. 2; Table 1 ).
Receptor Affinity Assays
The Kd for 64 Cu-TP3939 was 0.77 · 10 29 M (Fig. 3 ; Table 1 ). The IC 50 and the Kd values suggest that the biologic activity of TP3939 was not compromised, compared with that of the VIP 28 . The results of 64 CuCl 2 affinity assays for PC3 cells (Fig. 4) revealed nonsaturable and nonspecific binding. Therefore Kd values were not determined.
Blood Clearance
Blood clearance for 64 Cu-TP3939 ( 
In Vivo Stability
Photographs of Coomassie blue-stained protein bands and the corresponding autoradiograph are given in Figures 6A  and 6B , respectively. The quantitative data of 64 Cu distribution in various bands (Table 2) show that approximately 83% of 64 Cu was associated with a molecular weight of 4 kDa, which is that of TP3939. The remaining radioactivity was associated with proteins of molecular weights of 6 kDa and above (lane 1). Negligible (,3%) transchelation of 64 Cu to protein was noted when either 64 Cu-TP3939 or 64 CuCl 2 was incubated with human serum albumin ( Table 2 , lanes 2 and 3).
Imaging Nude and TRAMP Mice
PET images revealed high uptake in PC3 tumors ( Fig. 7A ; Table 3 ). Ratios of tumor to contralateral muscle as determined by region-of-interest analysis were 3.357 and 4.205 at 4 and 24 h, respectively, for 64 Cu-TP3939. The corresponding ratio for 18 F-FDG at 1 h after injection was 1.66 (Supplemental Fig. 1 [supplemental materials are available online only at http://jnm.snmjournals.org]). In the TRAMP II mouse with grade IV prostate intraepithelial neoplasia, the lesion was clearly imaged with 64 Cu-TP3939 but not with CT or 18 F-FDG (Fig. 7B) . 64 Cu-TP3939 activity adjacent to the prostate was associated with feces (0.77 %ID/g). The prostate gland in mouse 1 with grade II hyperplasia was not visualized either with 64 Cu-TP3939 or with 18 F-FDG. The high bladder uptake of 18 F-FDG was visible. In contrast, bladder activity was absent with 64 Cu-TP3939 (Fig. 7B) .
Tissue Distribution
The 4-and 24-h 64 Cu-TP3939 data given in Table 3 show that 64 Cu-TP3939 uptake in PC was 7.48 6 3.63 %ID/g at 4 h and 5.78 6 0.66 %ID/g at 24 h (P 5 0.47). The corresponding radioactivity ratios for tumor to muscle were 3.98 6 1.43 and 5.17 6 1.32, respectively, and the tumor-to-blood ratios were 1.94 6 0.66 and 2.46 6 0.45, respectively. There is progressive elimination of the activity through the kidneys, lungs, and liver. The primary route of excretion was feces and not urine.
The 4-and 24-h tumor uptake of 64 CuCl 2 was 4.79 6 0.34 %ID/g and 4.03 6 0.83 %ID/g, respectively (Table 4) , significantly lower (24 h, P 5 0.02) than that of 64 Cu-TP3939.
The uptake of 64 CuCl 2 in all tissues except the kidneys was also significantly lower than that of 64 Cu TP3939. Tumor-to-muscle and tumor-to-blood ratios, however, were not statistically significantly different.
The uptake of 64 Cu-TP3939 in normal prostate gland (n 5 5) was 1.9 6 0.5 %ID/g at 4 h after injection and 2.1 6 0.35 %ID/g at 24 h. The respective ratios were 1 and 1.8 for normal prostate to muscle and 4 and 2.7 for PC tumor to normal prostate.
Receptor-Blocking Study
After blocking of the VPAC1 receptors, tumor uptake was significantly decreased from 5.78 6 0.66 to 1.84 6 0.44 %ID/g at 24 h (P 5 0.01). All other tissues also had significantly (P , 0.05) diminished uptake of 64 Cu TP3939 (Table 5) .
DISCUSSION
Scintigraphy is a prominent and prudent modality that plays a major role in molecular imaging. It can noninvasively visualize and measure the gene product overexpressed on the malignant cells, while imparting low levels of radiation dose. The high sensitivity and spatial resolution of current PET systems provide excellent localization of occult lesions that warrant aggressive therapy. PET can also detect recurrent disease and monitor the effectiveness of therapy.
VPAC1 receptors are overexpressed in all PC (16) (17) (18) . VIP, a 28-amino-acid peptide, has high affinity for VPAC receptors. We designed and synthesized a VIP analogue, TP3939, for efficient labeling with 64 Cu for PET imaging of PC. The physical characteristics of 64 Cu permit PET imaging for up to 24 h after injection without having excessive radioactivity decay occur. 64 Cu in cupric form facilitated strong chelation with the N 2 S 2 chelating moiety and provided high labeling efficiency (95.43% 6 3.78%, n 5 6) allowing us to use the labeled probe without further purification. The labeling efficiency with 99m Tc was also equally high and provided a choice for SPECT (27) . Our data demonstrate that TP3939 analogue retained the biologic activity of VIP 28 The in vivo stability, as determined by PAGE analysis of serum isolated from mice receiving 64 Cu-TP3939, demonstrated that the peptide was stable in vivo and that approximately only 15% of the radioactivity was transchelated to proteins of molecular weights more than 98 kDa (Figs. 6A and 6B). For this analysis, we obtained the blood from mice within only 4 min of intravenous injection of 64 Cu-TP3939 because its blood clearance is rapid (half-life, 3.5 min).
Serum from blood drawn anytime after this would not have enough radioactivity in the small volume (30 mL) of the sample to be loaded on the gel for PAGE. It is for this reason that we incubated 64 Cu-TP3939 with human serum albumin for 30 min, by which more than 97% of the activity remained associated with TP3939 (Figs. 6A and 6B, lane 3). This is a strong testimony to the in vivo stability of this probe and is consistent with the previously reported N 2 S 2 64 Cu complex for in vivo applications (33) . No radioactivity associated with Cu/Zn peroxidase dismutase (molecular weight, 30 kDa) was noted (34) . Although 64 Cu-DOTA transchelation has been reported in the rat (35, 36) , it has not been observed in mice in our laboratory (37) . Nevertheless, the early radioactivity uptake in the liver, spleen, kidneys, and lung in these mice was high. However, it clears as a function of time (Table 3 ) and may thereby minimize the radiation dose to these organs. The primary route of excretion is fecal, not urinary. The normal organ uptake may be related to receptor expression. However, this notion has not yet been confirmed in our laboratory.
The PET images unequivocally delineated the xenografted PC in nude mice (Fig. 7A ) and the spontaneous, occult PC in a TRAMP II mouse (Fig. 7B) . The PC in TRAMP II was not delineated by 18 F-FDG. Furthermore, 64 Cu-TP3939 did not detect prostate with hyperplasia in TRAMP I. These data suggest not only the usefulness of 64 Cu-TP3939 for PET imaging of PC but also its specificity. After receptor blocking, there was marked suppression in tumor uptake, from 5.78 6 0.66 to 1.84 6 0.44 (P 5 0.01) at 24 h, affirming the specificity of TP3939 to the VPAC1 receptors. Tissue uptake in other organs was also significantly (P , 0.05) diminished. Table 3 shows high (7.48 6 3.63 %ID/g) tumor uptake of 64 Cu-TP3939 at 4 h, which was not significantly different (P 5 0.47) at 24 h after injection. These data suggest that a 55.5-MBq injection should have approximately 4 MBq of the 64 Cu per gram of PC lesions, sufficient for PET imaging in humans and imparting minimal radiation burden to all target organs. The high tumor uptake, rapid blood clearance, and 
